Aim: To investigate specific changes in metabolites and proteins of Kidney-Yin Deficiency Syndrome (KYDS) patients with diabetes mellitus (DM) in China. Methods: KYDS (n=29) and non-KYDS (n=23) patients with DM were recruited for this study. The KYDS was diagnosed by two senior TCM clinicians separately. The metabonomic and proteomic profiles of the patients were assessed using a metabonomic strategy based on NMR with multivariate analysis and a proteomic strategy based on MALDI-TOF-MS, respectively. Results: Eighteen upregulated peptides and thirty downregulated peptides were observed in the plasma of the KYDS patients. Comparing the proteomic profiles of the KYDS and non-KYDS groups, however, no significantly differentially expressed peptides were found. At the same time, major metabolic alterations were found to distinguish the two groups, including eight significantly changed metabolites (creatinine, citrate, TMAO, phenylalanine, tyrosine, alanine, glycine and taurine). The levels of creatinine, citrate, TMAO, phenylalanine and tyrosine were decreased, whereas the levels of alanine, glycine and taurine were increased in the KYDS patients. These biochemical changes were found to be associated with alterations in amino acid metabolism, energy metabolism and gut microflora. Conclusion: The identification of distinct expression profiles of metabolites and signaling pathways in KYDS patients with DM suggests that there are indeed molecular signatures underlying the principles of 'Syndrome Differentiation' in traditional Chinese medicine.
Introduction
Differentiation of syndromes in traditional Chinese medicine (TCM), which is also referred to as 'Zheng differentiation', is the profiling of a combination of symptoms or clinical phenotypes [1] . 'Syndrome' is one of the most important concepts in the theoretical and clinical research of TCM. It not only establishes a path for disease diagnosis on a microcosmic level but also subtypes a disease and provides a basis for individualized therapy [2] . Understanding 'syndromes' is essential to the establishment of disease classification, diagnostic criteria, and efficient therapeutic strategies for patients. However, in the era of complementary and alternative medicine, the concept of TCM syndromes has been difficult to comprehend from a modern biomedical perspective due to a shortage of evidence-based theoretical interpretations and solid evidence of syndrome-based effects [3] . Thus, it is necessary to comprehensively investigate the intrinsic mechanisms of TCM syndromes to validate and further understand this concept.
Systems biology, which consists of genomics, epigenomics, proteomics, and metabonomics, seeks to describe complex interactions between components of biological systems and predict biological behaviors [4] . By assessing the profiles of genes, proteins and metabolites, systems biology provides a holistic approach to biological research. This property of systems biology is analogous to the holistic philosophy of TCM; therefore, systems biology may be a useful tool for studying the basis of Chinese medicine, including its concepts of syndrome differentiation and disease diagnosis. Within systems biology, metabolic profiling is defined as the quantitative measurement of the dynamic multiplex response of a living system to pathophysiological stimuli or genetic modifica-www.nature.com/aps Jiang N et al Acta Pharmacologica Sinica npg tions [5] . Nuclear magnetic resonance (NMR) spectroscopybased metabolomics is an attractive method for a nonselective and comprehensive analysis of metabolites. Metabolomics analysis may facilitate the modernization of TCM syndrome research and provide an in-depth understanding of the TCM theory [6] . Proteomics technology is based on the vast analytical power for protein identification and quantification by modern mass spectrometry coupled with hyphenated separation techniques [7] . The rapid growth of the proteomics field has resulted in an array of new tools for studying TCM, and proteomic analysis may also facilitate the modernization and globalization of TCM [8] . A fractionation method that selectively separates peptides on the chromatographic surfaces of magnetic beads according to chemical differences has been developed to be used in conjunction with matrix-assisted laser desorption/ ionization time-of-flight mass spectrometry (MALDI-TOF-MS) analysis. The method can be applied to human body fluids, such as blood, saliva and urine, which offer the advantages of minimal invasiveness, low cost, and ready acquisition and processing [9] . Being aware of the intrinsic relationship between TCM and systems biology, some researchers have already proposed that metabonomic and proteomic approaches may be applicable to the scientific validation of TCM theories [10] [11] [12] [13] . Diabetes mellitus (DM) is one of the most prevalent chronic diseases in the world. It is characterized by insulin resistance coupled with a failure of pancreatic cells to compensate by adequate insulin secretion. According to the theories of TCM, diabetes is considered to be a condition of disharmony in the body. Kidney-Yin Deficiency Syndrome (KYDS) is one of the elementary syndrome patterns in patients with DM and is closely related to defects in multiple metabolic pathways. Moreover, studies have found that the characteristics of KYDS may be manifested throughout all stages of DM. However, there has been no research on the physiology of KYDS from the perspective of systems biology, and the proteomic and metabolic signatures underlying the pathophysiology of KYDS are still unknown. Therefore, the present study was designed to integrate metabonomic and proteomic analyses to construct KYDS-specific profiles of urine metabolites and plasma proteins, which may reveal specific metabolic and protein changes in KYDS patients that can be used to objectively differentiate clinical syndromes. To our knowledge, this is the first report of using an integrated metabonomic and proteomic method to investigate KYDS from a holistic perspective.
Materials and methods

Subjects
Patients of KYDS (n=23) and non-KYDS (n=29) with DM were recruited from the Dongzhimen Hospital of Beijing University of Chinese Medicine between May 1st, 2008 and December 30th, 2009. All patients provided informed consent prior to the collection of any data. The study was approved by the Ethical Committee of Beijing Institute of Pharmacology and Toxicology, and it complied with the provisions of the Good Clinical Practice Guidelines and the Declaration of Helsinki.
Diagnostic criteria for DM DM patients who met the diagnostic criteria from the 1999 issue of "Standard for Diagnosing Diabetes and Other Types of Hyperglycemia" by WHO were included in the study.
Diagnostic criteria for DM in Traditional Chinese Medicine
The criteria for diagnosing diabetes in TCM were from the teaching materials of Traditional Chinese Internal Medicine (6th edition).
Participants were eligible if they had independent clinical diagnoses of a deficiency of kidney Yin (Table 1) by two senior TCM clinicians who assessed the patients separately. The exclusion criteria include (1) major neuropsychiatric disorders, such as schizophrenia, epilepsy, alcohol abuse, and anorexia; (2) plans for pregnancy; (3) cardio-cerebral vascular diseases, insufficiently controlled hypertension or hypotension, thromboembolic diseases, gastrointestinal diseases affecting drug absorption, hematopoietic system diseases, or autoimmune system diseases; (4) abnormal liver or renal function; and (5) other criteria that the investigators deemed to be unsuitable for the study. Syndrome differentiation was independently performed by two associate professors on each patient, and a patient would only be included in the study if the two diagnoses were consistent with one another. Fifty-two paired plasma and urine samples from twenty-nine KYDS and twenty-three non-KYDS patients were taken. The distributions of gender and age in KYDS and Non-KYDS groups are shown in Table 2 . The differences in age and gender were not statistically significant between the groups (P>0.05).
Sample preparation
Urine collection Tools for urine collection and transport were provided to the patients. The patients were asked to collect urine into sterile containers, pipette it into transport tubes, and immediately store the tubes in insulated ice packs. The packed samples were not re-opened until they were received by the investigators. Upon arrival at the laboratory, the samples were centrifuged at 10 000 rounds/min for 10 min at 4 °C to remove any solid debris. The supernatants were transferred to 1.5 mL polypropylene tubes and stored at -80 °C until further analysis. 
Plasma collection
Fasting blood samples were collected from the subjects in the morning by venipuncture and stored in heparin-containing green-top tubes (BD, 366480). The samples were then centrifuged at 3000×g for 10 min at 4 °C to isolate plasma. The plasma samples were stored at -80 °C until further processing and analysis.
Proteomic study
Isolation of peptides
Plasma were thawed at room temperature for 2 min with only one freeze-thaw cycle and processed immediately by weak cation exchange (WCX) pre-purification. As recommended in the manufacturer's protocol (ClinProt TM , Bruker Daltonics, state, Billerica, MA, USA), the samples were purified and isolated in three steps: binding, washing, and elution. First, 10 mL beads, 10 mL WCX binding solution and 5 mL plasma samples were added to a tube, mixed carefully and incubated for 5 min. Second, the tube was placed on a magnetic bead separation device (Bruker Daltonics, Billerica, MA, USA) for 1 min to collect the beads onto the tube wall. The supernatant was then removed and 100 mL washing solution was added and mixed thoroughly with the magnetic beads. After washing three times and removing the supernatant, 5 mL eluting buffer was added and the beads were collected onto the tube wall for 2 min. After transferring the clear supernatant into a fresh tube, 5 mL of stabilizing solution was added and the tube was mixed thoroughly.
MS analysis
To prepare the MALDI target, we spotted 1 μL of a mixture containing 10 μL of 0.3 g/L α-cyano-4-hydroxycinnamic acid in 2:1 ethanol/acetone (v/v) and 1 μL of the eluted peptide fraction onto a MALDI AnchorChip TM (Bruker Daltonics) sample target platform (384 spots). For the proteomic analysis and peptidome profiling, we used a matrix-assisted laser desorption ionization time-of-flight mass spectrometer (MALDI-TOF MS; Autoflex, Bruker Daltonik) with the following settings: linear positive mode; ion source 1, 20 kV; ion source 2, 18 kV; lens, 7.5 kV; pulsed ion extraction, 210 ns. We removed excess matrix particles with 10 shots at a laser power of 50% before data acquisition at 45%. For each MALDI spot, 400 spectra were acquired (50 laser shots at eight different spot positions). External calibration was performed using a set of peptide/ protein standards (Bruker Daltonics) to calibrate the spectrum in the range of 1000-17 000 Da.
Analysis of spectral profiles
The spectra from all samples were imported into ClinProTools (ClinProt software version 2.0, Bruker Daltonics, Billerica, MA, USA) to subtract the baseline, normalize the spectra (using total ion current) and determine the peak m/z values and intensities in the mass range of 600 to 10 000 Da. The spectra were processed with the following workflow: (1) spectra normalization to their total ion current; (2) spectra recalibration using the prominent peaks; (3) baseline subtraction, peak smoothing (Savitsky-Golay algorithm) and peak detection; (4) calculation of peak areas for each spectrum. The signal-tonoise (S/N) ratio was set higher than 5. To align the spectra, a mass shift of no more than 0.1% was determined during peak detection. The peak area was used for quantitative standardization, and a comparison of relative peak intensity levels between classes was also performed within the software suite. Statistical analyses of the processed spectra were performed using t-tests and Wilcoxon tests. P values less than 0.05 were considered to be statistically significant. Samples were centrifuged at 12 000 rounds/min for 10 min, and the supernatants were transferred into 5-mm NMR tubes. NMR measurements were performed on a Varian INOVA 600 NMR spectrometer operating at 599.73 MHz, using a 5-mm triple resonance probe. Urine samples were analyzed using a 1D NOESY (RD-90°-t1-90°-tm-90°-acquire). On-resonance saturation was used to suppress the water signal during a recycling delay (RD) of 2.0 s and mixing period (tm=0.15 s). A total of 64 transients were collected into 32k time domain data points, with a spectral width of 7000 Hz. Prior to Fourier transform, the free induction decay (FID) was multiplied by an exponential weighting function corresponding to 0.5 Hz line broadening and zero-filled by a factor of 2. Spectra were manually phased and baseline corrected and referenced to TSP at δ=0.0.
Metabonomic study Sample preparation and 1 H-NMR measurement
Data processing and multivariate analysis
All NMR data acquired as described above were then subjected to multivariate statistical analysis. Before the analysis, the data were first reduced to integral regions of equal width The regions where δ ranged from 4.6 to 6.2 were excluded to avoid residual water signal and the broad resonance from urea, both of which represent highly variable regions in the spectra. The integrated data were normalized to the total integrals of each spectrum and then exported to text files for multivariate analysis. Multivariate analysis was carried out using SIMCA-P plus software (version 10.0, Umetrics, Umea, Sweden). Principal component analysis (PCA), the most commonly used method for multivariate analysis, was used to establish group separation. Prior to PCA, all NMR data variables were mean-centered and Pareto-scaled. The results of PCA were visualized by scores plot of PCs, which display the separation of groups, and the values of the PC loadings in the loadings plot reflect the spectral regions responsible for group separation in the scores plot. When group separation was not satisfied on the basis of PCA, the data were further processed using orthogonal signal correction (OSC) to remove the variations that were not correlated to the group membership and irrelevant systematic information from the data set [14] .
Metabolite set enrichment analysis and metabolic pathway analysis
In this study, the metabolite set enrichment and metabolic pathway analyses were performed by MetaboAnalyst 2.0 (http://www.metaboanalyst.ca/MetaboAnalyst/) with R version 2.15.0. Metabolite set enrichment analysis is a way to identify biologically meaningful patterns that are significantly enriched in quantitative metabonomics data. Metabolic pathway analysis module combines results from powerful pathway enrichment analysis with pathway topology analysis to help researchers identify the most relevant pathways that are involved in the conditions under study.
Results
Creation of plasma protein profiles MALDI-TOF MS in combination with WCX pre-purification were used to produce the plasma protein profiles from 23 KYDS patients and 29 non-KYDS patients. Clinical characteristics of the patients are presented in Table 2 . There were no significant differences in age between the KYDS patients and non-KYDS patients (P>0.05). All of the samples were collected using a single standard clinical protocol. Each individual plasma sample was incubated with WCX beads, and the eluted proteins were spotted for MALDI-TOF MS analysis. The entire set of mass spectra of the extracted peptides from fifty-two subjects in the two groups, ranging from 1000 to 10 000 Da, was generated using the same instrument settings (Figure 1 ).
Comparison of plasma protein profiles between KYDS patients and non-KYDS patients
Mass spectra from 1000 to 10 000 Da were obtained from linear-mode MALDI-TOF analysis of pre-fractionated plasma of KYDS patients and non-KYDS patients. The protein profiles of the patients were fairly homogeneous within groups and were reproducible (data not shown). On average, 70 peptide mass peaks per sample were discovered in the plasma samples using ClinProTools software. Differences between the plasma protein profiles from the KYDS and non-KYDS patients were visually inspected, and the peaks specific to the KYDS state were identified. A k-nearest neighbor genetic algorithm was used to identify statistically significant differences in protein peaks among the two groups. Overall, eighteen peptides were upregulated and thirty peptides were downregulated in the 
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Metabolic profiles of KYDS patients and non-KYDS patients 1 H-NMR spectra of biological fluids can provide a large amount of biochemical information, which is contained within the metabolic profile. Although NMR spectra of urine consist of hundreds of peaks, many of them can be assigned based on their chemical shifts and signal multiplicities or with the help of two-dimensional correlation spectra. The chemical shift contains information on molecular structure and can be used to discriminate 1 H-NMR spectra of various molecules. The representative NMR spectra of urine samples from KYDS patients and non-KYDS patients are shown in Figure 2 . The spectral region where δ ranged from 0.0 to 10.0 was segmented [15] .
Differential identification of metabolic profiles
Although differences can be detected by visual inspection of the 1 H-NMR spectra, this method is not applicable to the overall differentiation of metabolomics profiles between groups because data interpretation can be complicated by interindividual variation. Therefore, the metabolic profiles from KYDS patients and non-KYDS patients were analyzed using pattern recognition techniques to detect any subtle metabolic differences. PCA is a commonly used pattern recognition method for identifying the overall clustering patterns and trends within data sets. The original data are reduced to a few latent variables or principal components (PCs) describing maximum variation within the data. Before PCA, the data set was preprocessed with Pareto scaling. Further analysis by simple PCA did not show any clear trend of group clustering between KYDS patients and non-KYDS patients. To maximize group separation and to identify discriminating metabolites, OSC was applied to the data set to remove factors unrelated to group characteristics. This approach resulted in a marked improvement in group separation between KYDS patients and non-KYDS patients, as shown in the scores plot ( Figure 3A) , which indicated that the metabolic profile of the KYDS group was distinct from that of the non-KYDS group. The scores plot revealed that the KYDS group could be easily distinguished from the non-KYDS group both along PC1 and PC2. Each data point corresponds to one NMR spectrum of one urine sample, and the distance between points in the scores plot is an indication of the similarity between samples. Mean scores from the urinary samples were plotted for the first two PCs to monitor differences in endogenous metabolites between the KYDS patients and the non-KYDS patients. The corresponding loadings plots are shown in Figure 3B . Each data point represents one bucket (with the chemical shift indicated explicitly). The loadings plot identified the spectral regions that were responsible for the inter-spectra differences that we observed in the scores plot. Thus, it was possible to identify the metabolites that were responsible for differentiating the two groups in PCA. Further analysis of the PCA factor loadings and the 1 H-NMR spectrum itself using OSC-PCA can pinpoint the metabolites associated with group separation. Based on the loadings plot ( Figure 3B ), the major biochemical differences between the KYDS and the non-KYDS urine samples are summarized in Table 4 . We found 8 metabolites to be different between the two groups: creatinine, alanine, citrate, glycine, taurine, TMAO, phenylalanine and tyrosine. The concentrations of 5 metabolites (creatinine, citrate, TMAO, phenylalanine and tyrosine) were decreased while the concentrations of 3 metabolites (alanine, glycine and taurine) were increased in the KYDS group. (Figure 4 , Table 5 ). The pathway analysis showed that 19 pathways involving the differentially expressed metabolites were highly associated with KYDS. Among these pathways, taurine and hypotaurine metabolism, glycine, serine and threonine metabolism, and phenylalanine metabolism had the highest impact factors of 0.33, 0.19, and 0.12, respectively ( Figure 5 , Table 6 ).
Discussion
Although TCM has long been practiced effectively, TCM syndrome differentiation is still a controversial subject because it relies on clinical observation and the TCM practitioner's experience, which can be subjective and unrepeatable. This nature of TCM syndromes makes this concept extremely challenging to study with modern research methods, and there has been a severe lack of scientific and technological approaches to TCM syndrome research. The emergence of systems biology is bringing forth a new set of tools for advancing personalized TCM globally. Given that metabonomics and proteomics analyze different types of molecules, they complement each other when applied to the studying of TCM. The combination of Figure 4 . Metabolite enrichment analysis on the 12 putative sets of metabolites that differed between the KYDS group and the non-KYDS group. Detailed results from this enrichment analysis are shown in Table 5 . Figure 5 . Summary of pathway analysis on the 19 quantified variances from the KYDS and non-KYDS groups. Detailed results of the analysis are shown in Table 6 . P values were calculated from enrichment analysis. The pathway impact values were calculated from pathway topology analysis. 1, taurine and hypotaurine metabolism; 2, glycine, serine and threonine metabolism; 3, phenylalanine metabolism.
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Recently developed proteomic technology features highthroughput parallel analysis of all expressed proteins, thus it can potentially provide more details on molecular mechanisms at a global level [13] . Proteomic analysis permits investigation of the qualitative, quantitative, and functional characteristics of protein profiles, and MALDI-TOF-MS is one of the most effective and sensitive approaches for the identification of potential disease biomarkers [17, 18] . The bead-based fractionation method, which selectively separates certain peptides according to different chemical chromatographic surfaces on the outer layers of magnetic beads, has been developed for direct use in MALDI-TOF-MS analysis [19, 20] . This mass spectrometrybased proteomics technique that selectively targets proteins to remove any undesired phenotypes is a powerful method for protein target discovery in TCM [21] . This method does not rely on the identification of a single peptide difference; instead, it uses the profiles of a series of peptide peaks. Previous studies have already established the diagnosis models of spleen-Qi asthenia syndrome, liver-kidney Yin deficiency syndrome, and blood-stasis syndrome in HBC patients using the method above [22] . Therefore, proteomic analysis can further our knowledge on the molecular bases of TCM syndromes.
In this study, plasma protein profiles of KYDS patients and non-KYDS patients were established. However, differential peaks in the plasma profiles between KYDS and non-KYDS patients were not discovered. The most likely reason may be that the plasma profiling method was not sensitive enough to detect KYDS-specific protein changes. Current proteomic technologies can only detect hundreds of proteins, which are far less than the whole proteome. In some cases [23] , there was only a <30% overlap in the proteins that were identified from proteomic analyses using different protein separation methods. In this study, another likely reason may be that certain biomarkers of KYDS were out of the detection range of massbased proteomics. Although it is a high-throughput method for the analysis of blood proteomics, mass-based proteomics mainly detects low molecular weight proteins in blood (1-10 kDa). Nevertheless, our work highlights the possibilities and limitations of MALDI-TOF serum-profiling approaches. Therefore, using diverse proteomics technologies in the study of TCM syndromes should be encouraged. In future studies, we will continue to incorporate proteomics in addition to other protein biomarker discovery strategies.
Metabonomics is a powerful new technology that assesses holistic metabolic profiles via a non-targeted approach and facilitates disease biomarker discovery. Metabonomics may serve as a potential bridge between Chinese and Western medicine, and it may help advance the explaining of the theoretical meaning of evidence-based Chinese medicine [24] . Although metabonomics started later than other 'omics' technologies, it has been successfully applied to TCM syndrome research by multiple domestic and international groups [13, 25, 26] . In this study, we developed a 1 H-NMR method with PCA for the metabolic profiling of patient urine samples to identify meta- The major metabolic alterations responsible for separating the KYDS from non-KYDS samples were linked to eight differentially expressed metabolites. Biochemical changes are known to be related to dysregulations of amino acid metabolism, energy metabolism and gut microflora. Thus, this finding is helpful to further our understanding of KYDS. Taurine, a sulfur-containing β-amino acid, is a major free intracellular amino acid present in many tissues of human and animals [27] . Blood taurine concentrations may change under external stimuli or pathological situations. For example, plasma taurine concentrations may decrease in response to surgical injury, trauma, sepsis, and other critical illnesses [28] . The increases in urine taurine levels are likely related to adaptive cellular responses in patients at various stages of KYDS.
Phenylalanine is an essential amino acid, and phenylacetylglycine is its metabolite generated by the gut microflora. In our study, we observed a decrease in phenylalanine level in the urine of KYDS patients. In a previous study, elevated concentration of phenylalanine was found in the plasma and urine of a rat model of Kidney-Yang Deficiency Syndrome [29] , and urinary phenylalanine was found to be a biomarker of KidneyYang Deficiency Syndrome [30] . Therefore, those results and the findings from the current study corroborate each other. Tyrosine is a precursor of catecholamines including dopamine, norepinephrine and epinephrine, which has been shown to be increased in the plasma and urine of rats with hydrocortisoneinduced Kidney-Yang Deficiency Syndrome [31] . Phenylalanine is needed for the synthesis of proteins, melanin and tyrosine. A reduction in urinary phenylalanine level in KYDS patients may lead to reduced tyrosine synthesis. In turn, a decrease in tyrosine level may lead to decreased production of dopamine and norepinephrine.
In this study, urinary alanine level in the KYDS patients was significantly greater than in the non-KYDS patients. Alanine is an important intermediate regulator in glucose metabolism. Normal blood alanine is transported to liver via the glucosealanine cycle to generate pyruvate, which is also an important source for gluconeogenesis. Proper regulation of glucose catabolism and anabolism is achieved by the glucose-alanine cycle and Cori (glucose-lactate) cycle in peripheral tissues and liver. The significant increase in alanine level suggested that the glucose-alanine cycle was impaired in KYDS patients. Furthermore, elevated urinary alanine concentration may potentially serve as a biomarker of renal cortical toxicity, especially during the later stages of HgCl 2 -induced nephrotoxicity [32] . Markedly lower levels of citrate and creatinine were observed in the KYDS patients. Citrate and creatinine are associated with energy metabolism. Citrate is a major intermediate in the tricarboxylic acid (TCA) cycle. Therefore, depletion of urinary citrate is attributed to the impairment of the TCA cycle [33] and a deficit in mitochondrial respiration. Creatinine was also significantly decreased in the urine of KYDS patients. Creatinine is a nonenzymatic breakdown product of creatine and phosphocreatine, and the creatinephosphocreatine system is crucial for cellular energy transportation. The decreased levels of creatinine and citrate indicated that KYDS is associated with energy metabolism dysfunction. Mitochondrion is a cellular organ with metabolic activities, which supply energy for other cellular activities via oxidative phosphorylation in the process of energy conversion. Therefore, decreased levels of urinary citrate and creatinine in the KYDS patients also suggested that a mitochondrial defect had impaired the TCA cycle. Furthermore, taurine and hypotaurine metabolism, glycine, serine and threonine metabolism, and phenylalanine metabolism were the top functions listed by MetaboAnalyst that were altered in the KYDS patients. Further investigation of these metabolic pathways may facilitate the development of noninvasive biomarker detection methods and become more efficient therapeutic strategies for KYDS.
Conclusion
In summary, we report for the first time a comprehensive analysis of proteomic and metabolic profiles that are associated with KYDS. The results indicated that there is indeed a molecular basis for syndrome differentiation. The expression profiles of proteins and metabolites showed differences between KYDS and non-KYDS patients with DM. These differences are associated with multiple molecules, cellular functions and pathways. These findings suggested that 'omics' technologies are suitable for the evaluation of TCM syndromes and syndrome biomarker screening. The combination of metabonomics and proteomics allows for the integration of multidimensional data sets to improve our understanding of the principles of TCM. We believe that future advancement in proteomics and metabonomics technologies could help further clarify the mechanisms underlying TCM principles, thus facilitating the modernization of TCM globally.
